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A Unidirectional Er3+-Doped 
Fiber Ring Laser without Isolator 
Yuan Shi, Milan Sejka, and 
Abstract-An Er"+-doped fiber ring laser with unidirectional 
operation without optical isolator has been investigated for differ- 
ent cavity conditions. The fiber ring laser cavity is built in such 
a way that the optical fields propagating in the two directions 
suffer different losses. As a consequence, the laser oscillation 
appears in a quasi-unidirectional form. By incorporating a fiber 
pigtailed bandpass filter to enhance mode competition, a purely 
unidirectional tunable fiber ring laser is obtained with high 
efficiency and broad tunability. 
I. INTRODUCTION 
r3+-DOPED fiber lasers and amplifiers at the 1550 nm E band have many important applications in telecommu- 
nication and other fields [ I]-[3]. Various Er3+-doped fiber 
lasers with different cavity structures have been developed. 
Among these the doped fiber ring laser with an optical 
isolator to ensure unidirectional operation has been particularly 
attractive. Compared to other laser systems, unidirectional 
ring lasers have excellent lasing efficiency, less sensitivity 
to back-reflections, and better potential for operation in a 
single longitudinal mode. The main drawbacks for previous 
unidirectional ring lasers have been the high cost and intrinsic 
loss of the optical isolator. 
In this letter, we report experimental results for an Er3+- 
doped fiber ring laser with a structure which has a non- 
reciprocal loss of the two traveling directions leading to 
unidirectional operation. A detailed investigation with different 
cavity conditions has been carried out by incorporating various 
fiber optic components into the ring cavity. 
The S-shaped fiber ring resonator has been used 
by Ja et al. [4]-[7] for various passive devices, such 
as bandpass/bandblock filters, wavelength division 
multiplexer/demultiplexer and butterworth-like filters. A 
quasi-unidirectional fiber ring laser using an S-shaped 
structure has recently been discussed [8] by scientists in 
Portugal's Centro de Optolectr6nica. A quasi-unidirectional 
semiconductor ring laser in an S-configuration without optical 
isolator has been demonstrated by Hohimer er al. [9]. 
11. EXPERIMENTAL SETUP 
The experimental setup of the unidirectional fiber ring laser 
is shown schematically in Fig. 1. It has a ring structure of 
Er3+-doped fiber with two fiber couplers, 1 and 2, to introduce 
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nonreciprocal losses for the two lasing directions (cw for 
clockwise and ccw for counter-clockwise). A fiber coupler 
with two symmetrical output ports of 1% is used to monitor 
the lasing intensities in the two directions. A Ti : sapphire 
laser pump at 980 nm is coupled into the fiber laser by 
a wavelength division multiplexer (WDM). The Er3+-doped 
fiber used in the fiber laser has a nominal doping concentration 
of 0.7 x cmP3 with A13+- and La3+-codopants. It has a 
fluorescence lifetime of 11 ms. Below lasing threshold, a linear 
ray-tracing calculation gives the losses for the two directions in 
the fiber ring laser. When two 3 dB fiber output couplers (OC) 
are used, we can trace the evolution of amplified spontaneous 
emission (ASE), from which laser oscillation builds up. For 
the ray-tracing analysis, we assume that the Er3+-doped fiber 
has a constant gain G for the cw and ccw directions without 
saturation. Losses of WDM, bandpass filter and monitoring 
coupler are ignored. For an identical output ASE power with A 
and F being the starting point of the cw and ccw respectively, 
ASE is transmitted through a 3 dB coupler at B and splits into 
two equal arms with 50% transmitted through B-C-D to the 
second 3 dB coupler at D, where the ASE is split into two 
arms with 25% transmitted back to the ring at F. This yields 
a retum power at A of 0.25*G in the cw direction. Another 
25% is transmitted back through D-E-B with 12.5% injected 
into the ccw direction and 12.5% going to OC top by the 3 
dB coupler at B. The second 50% from the 3-dB coupler at B 
goes through B-E-D with 25% injected to ccw and 25% going 
to OC bottom by the 3-dB coupler at D. For the ccw direction, 
including the ASE injected from the cw direction at B and D, 
we obtain a retum power at F of 0.50*G. The optical loss for 
the cw direction is 3 dB higher than for the ccw direction. This 
non-symmetrical fiber ring laser with a nonreciprocal loss is 
called a Ying-Yang fiber ring laser. 
The nonreciprocal optical loss or gain for the two directions 
in the ring laser arises from the fact, that there is a coupling 
of light from the cw direction into the ccw direction by 
the two fiber couplers. It will promote lasing in the ccw 
direction and suppress lasing in the cw direction, assuming 
that the doped fiber is a purely homogeneously broadened 
system. Unfortunately, the Er3+-doped silica-based fiber has 
a substantial inhomogeneous broadening contribution. This 
reduces the mode competition and thereby counteracts the 
nonreciprocal loss, enabling bidirectional lasing of the fiber 
ring laser. By using a bandpass filter with a transmission 
linewidth comparable to the homogeneous broadening in the 
doped fiber we enhance the mode-competition and suppress 
laser oscillation in the cw direction. 
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Fig. 1 .  The experimental setup of the fiber ring lasers. OC: output coupler. 
WDM: wavelength-division-multiplexer of 1550 nmD80 MI. BPF bandpass 
filter. M( -) and M(+): monitor output of ccw and cw direction, respectively. 
111. EXPERIMENTAL RESULTS AND DISCUSSIONS 
In order to obtain a good understanding of the behavior 
of the fiber ring laser, we investigated it with three different 
cavity configurations: 1) two 3 dB couplers, 2) 70130 and 80/20 
couplers, and 3) incorporation of a bandpass filter in case 2). 
With two 3-dB couplers and without filter in the laser 
cavity, we can not effectively obtain unidirectional lasing. A 
maximum output power difference of 10 dB between the two 
monitoring output ports is obtained. The two lasing directions 
have the same broad lasing spectrum and almost identical 
lasing thresholds. We attributed the non-unidirectional lasing 
to the too small loss difference between the two directions 
combined with the effect of inhomogeneous broadening of 
the gain medium. Under these conditions, the system is 
intrinsically unstable and back-reflections from the two output 
ports of the 3 dB couplers enhance the clockwise direction 
lasing even with angled fiber ends. The internal reflections 
due to fiber splicing and reflections from the fiber ends of the 
monitor coupler are so small that they can be ignored. 
In order to increase the nonreciprocal loss for the two 
directions and obtain unidirectional lasing, we use a 70/30 
coupler and an 80/20 coupler as fiber coupler 1 and 2, 
respectively. This increases the loss difference between the 
two lasing directions from 3 dB to 7.1 dB. It also enhances 
the useful laser output. With this cavity configuration we 
use the monitor output coupler to investigate the properties 
of the two lasing directions. The maximum difference in 
output power is -20 dB during laser operation. By measuring 
output spectra at different pump levels, we find that the two 
directions still have similar output spectra with only a small 
difference in lasing threshold. In order to study the losses 
and dynamics of the laser more carefully, we investigated the 
relaxation oscillations for the two lasing directions by pulsing 
the pump laser. Without preventive measures against back 
reflections from the two output fiber ends we find similar 
relaxation oscillations, except for their different amplitudes. 
This indicates a coupling between the two directions. When 
we prevent the back-reflections from the two output ports by a 
large angled cleave of the fiber ends, the relaxation oscillation 
in the cw direction becomes very weak and acquires a longer 
buildup time. The relaxation oscillation in the ccw direction 
is unchanged. This indicates that the lasing oscillation in the 
cw direction is mainly driven by back-reflections from the 
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Fig. 2. The output power of the laser measured from the monitoring fiber 
coupler. The solid line represents the ccw direction and the dashed-line the cw 
direction lasing. The cw emission is due to amplified spontaneous emission. 
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Fig. 3. The total output power as a function of input pump power for the 
tunable fiber ring laser. 
laser output ports in the ccw direction. Even with the large 
angled cleaved fiber output ends, with an estimated back- 
reflection of M -40 dB, laser oscillation can be observed in 
the cw direction. This is probably due to the inhomogeneous 
broadening properties of the doped fiber, which makes it very 
difficult to completely suppress the cw direction lasing. 
To address this problem, we use a bandpass filter to en- 
hance mode competition, which shou!;1 suppress lasing in the 
cw direction. The fiber pigtailed bandpass filter used has a 
transmission linewidth of -2 nm, which is narrower than 
the homogeneous linewidth [lo]. Its peak transmission can 
be tuned from 1480-1550 nm. The performance of the fiber 
ring laser with the bandpass filter inserted into the cavity 
are investigated in detail. The output powers of the cw and 
ccw directions in the monitor coupler are shown in Fig. 2. 
There is a power difference of -25 dB almost independent 
of pump power. The output power of the cw direction from 
the monitor coupler is mainly due to amplified spontaneous 
emission. By pulsing the pump laser, we do not observe any 
relaxation oscillations in the cw direction. This indicates that a 
unidirectional lasing operation in the ccw direction is achieved. 
The output power, which is the sum of the output from the 
80/20 coupler and the 70130 coupler is shown as a function 
of absorbed pump power in Fig. 3. It has a slope efficiency 
of 25% and a fitted threshold of -5.5 mW. A tunability from 
1512-1550 nm, primarily limited by the bandpass filter, is 
observed. 
Using an optical spectrum analyzer we find that the 
linewidth of the laser is less than 0.05 nm limited by the 
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resolution of the optical spectrum analyzer. We expect that 
the laser spontaneously acquires single-mode operation. With 
a proper stabilization technique it could therefore be turned 
into a tunable single-mode ring laser. 
IV. CONCLUSION 
We have investigated the properties of an Er3+-doped fiber 
ring laser with a Ying-Yang structure. This structure gives rise 
to unidirectional lasing without the need of optical isolator. 
The properties of the fiber ring laser have been studied for 
different cavity conditions. Various difficulties to obtain pure 
unidirectional laser operation are addressed. By using a band- 
pass filter in the structure, we obtain wavelength tunability for 
the Er3+-doped fiber ring laser and enhance mode-competition, 
allowing efficient unidirectional laser operation. 
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